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1015-9584/Copyright ª 2015, Asian SuSummary Objective: Immediate postoperative hypocalcemia is the most common complica-
tion of bilateral thyroidectomy. Although hypocalcemia is usually transient, it can be fatal.
This study aimed to find a predictor of immediate postoperative hypocalcemia by using intact
parathyroid hormone (PTH) level at 4 hours after thyroidectomy (iPTH4hr) compared with the
decline in the percentage of intact PTH (%iPTH). We also followed the subjects for evaluation
of permanent hypoparathyroidism.
Methods: This was a prospective study of 65 patients (86.2% female, mean age: 4315 years)
who planned to undergo total or subtotal thyroidectomy. Preoperative and iPTH4hr were
measured.
Results: Thirty-nine patients (60%) were diagnosed with papillary thyroid carcinoma, while the
rest were multinodular goiter (21.5%) and Graves’ disease (7.7%). Significant immediate hypo-
calcemia was observed in 25 (38.5%) patients. Both iPTH4hr <12.5 pg/mL and %iPTH decline
>72% could accurately predict significant immediate hypocalcemia. Sensitivity, specificity,
positive predictive value (PPV) and negative predictive value (NPV) for iPTH4hr were 92%,
87.5%, 82.1%, and 94.6%, respectively. The %iPTH decline was equal in accuracy, withuthors have any conflict of interest to declare.
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j.asjsur.2015.11.005sensitivity, specificity, PPV, and NPV of 84%, 90%, 84%, and 90%, respectively. At 6 months after
surgery, 19 patients (29.2%) displayed permanent hypoparathyroidism. The iPTH4hr <12.5 pg/
mL and %iPTH decline >72% could also predict permanent hypoparathyroidism, with sensi-
tivity, specificity, PPV, and NPV of 100%, 80.4%, 67.9%, and 100%, and 94.7%, 84.8%, 72%,
and 97.5%, respectively.
Conclusions: Only a single measurement of iPTH4hr could be helpful in identifying patients at
risk of significant immediate hypocalcemia in need prompt treatment, and subsequently facil-
itating early discharge of patients. Also, this parameter can precisely predict permanent hypo-
parathyroidism.
Copyright ª 2015, Asian Surgical Association. Published by Elsevier Taiwan LLC. All rights
reserved.1. Introduction
Total thyroidectomy (TTD) is currently the standard surgical
procedure for the management of benign and malignant
thyroid diseases. Hypocalcemia from postoperative hypo-
parathyroidism is the most common complication of TTD.
The reported incidence varies; most series reported an
incidence of transient postoperative hypocalcemia ofw20%
to 30%.1 The symptoms are mostly transient and asymp-
tomatic, ranging from mild paresthesia and tingling to se-
vere complications, e.g., tetany and convulsion. Only 4.4%
of patients develop permanent hypoparathyroidism.2
Owing to rapid turnover of intact parathyroid hormone
(iPTH), with a half life of approximately 2e5 minutes,
serum iPTH is an excellent marker of parathyroid function.3
This is evidenced by the fact that intraoperative iPTH
determination is useful for identifying whether a hyper-
secreting parathyroid adenoma has been removed. How-
ever, calcium kinetics are slower. The decrease in iPTH
precedes the decline in calcium, which reaches the trough
level approximately 24e48 hours after surgery.3 This might
lead to delay in diagnosis and treatment of postoperative
hypocalcemia.
Previous studies found many predictors of immediate
post-thyroidectomy hypocalcemia: (1) single iPTH or quick
PTH measurement4e9; (2) percentage of intact PTH (%iPTH)
decline from baseline10e13; (3) calcium slope14; (4) 25-
hydroxyvitamin D (25(OH)D) status15; (5) underlying thyroid
disorders, such as Graves’ disease; (5) types of operation
and surgical techniques, e.g., central node dissection16;
and (6) number of identified parathyroid glands.17 Lombardi
and colleagues found that an iPTH level at 4 hours (iPTH4hr)
after surgery of <10 pg/mL accurately predicted immedi-
ate post-thyroidectomy hypocalcemia, with 94% sensitivity,
100% specificity, and 98% accuracy.4 They investigated
further to verify the reliability of this iPTH4hr cut-off point
in a larger series of patients.18 The results showed that
subnormal iPTH4hr levels correlated with hypocalcemia,
but did not accurately predict postoperative hypocalcemia,
with sensitivity, specificity, and overall accuracy of 84.9%,
77.6%, and 78.6%, respectively. More recently, Lecerf
et al.13 found that iPTH4hr <19.4 pg/mL accurately pre-
dicted postoperative hypocalcemia.13 Additionally, %iPTH
decline of >68.5% within 4 hours after surgery accurately
predicted immediate post-thyroidectomy hypocalcemia.13uwannasarn M, et al., Single mea
oparathyroidism: a prospective sHowever, the accuracy of iPTH measurements is inconsis-
tent,1,5 and there are large differences in the study de-
signs, PTH assays, timing of sampling, threshold
maintenance, and data analysis among all series.
The aims of our study were to assess the risk factors and
determine the predictive value of iPTH4hr and the rate of
iPTH decline associated with immediate and permanent
postoperative hypoparathyroidism.2. Materials and methods2.1. Data collection
This was a prospective study of 65 adult patients who had
planned to undergo TTD and subtotal thyroidectomy.
Exclusion criteria included history of parathyroid gland
diseases, history of neck radiation, history of hypercalce-
mia or hypocalcemia, pregnancy, or chronic kidney disease
from stage 3 and up. The study protocol was approved by
the Ethics Committee of Ramathibodi Hospital, and
informed consent was obtained from each of the eligible
patients.
The information collected from all patients included
surgical data and medical records, especially the details of
their thyroid diseases, e.g., preoperative diagnosis, thyroid
hormone status, thyroid gland weight (reported in grams)
by pathological evaluation, type of operation, central
lymph-node dissection, operative time, and final path his-
tological report.
Preoperative serum total calcium (mg/dL), albumin (g/
dL), 25(OH)D (ng/mL), estimated glomerular filtration rate
by Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) formula, and iPTH (pg/mL) were obtained on the
day of the operation. Serum total calcium was repeatedly
measured daily until its normalization. The 25(OH)D was
measured by chemiluminescent immunoassay, and iPTH
was subsequently measured at 4 and 24 hours after the end
of the operation; an iPTH assay was performed with an
automatic analyzer (Cobas e 601; Roche, Basel,
Switzerland) using an electrochemiluminescent immuno-
assay technique. The manufacturer range for serum iPTH
levels was between 15 pg/mL and 65 pg/mL. Concerning
the optimal timing of iPTH measurement, Lombardi et al.3,4
and Lecerf et al.11,13 found great precision withsurement of intact parathyroid hormone after thyroidectomy can
tudy, Asian Journal of Surgery (2016), http://dx.doi.org/10.1016/
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decline at 4 hours, respectively. Therefore, we decided to
use the measurement at 4 hours. Monitoring of hypocalce-
mia symptoms, such as peribuccal and digital paraesthesia,
tetany, muscle cramps, Chvostek’s sign, and Trousseau’s
sign, was performed twice a day.
Corrected serum total calcium levels were calculated
using the following formula:
corrected serum total calciumðmg=dLÞZ0:8
½normal albumin 4ðg=dLÞ  patient albuminðg=dLÞ
þmeasured serum total calcium
The %iPTH decline was defined using the following
formula:
%iPTH declineZð½iPTH0hrðpg=mLÞ
 iPTH4hrðpg=mLÞ= iPTH0hrÞ  100
All patients were postoperatively followed up within
2 weeks, and then every 2 months for the first 6 months.
Serum total calcium and iPTH were obtained at every
outpatient visit. Patients who had hypocalcemic symptoms
or were taking calcium and/or calcitriol were followed
more frequently. Those who continued on supplements of
calcium and active vitamin D for more than 6 months were
classified as having permanent hypoparathyroidism.
2.2. Definitions
Hypocalcemia was defined as a serum total calcium con-
centration <8 mg/dL, even in one measurement, whether
symptoms were present or not. Transient and permanent
hypoparathyroidism definitions are inconsistent and var-
ied.3,19e21 In the present study, transient hypoparathy-
roidism was defined as hypoparathyroidism that required
calcium or active vitamin D supplementation, e.g., calci-
triol prescribed for either biochemical hypocalcemia or
symptoms of hypocalcemia where complete resolution
occurred within 6 months. In the context of transient hy-
poparathyroidism, we focused on the patients with signif-
icant hypocalcemia, which was defined as: (1) a level of
albumin-adjusted calcium <7.5 mg/dL on any occasion
during the first 4 postoperative days; (2) hypocalcemia that
required calcitriol supplementation to maintain calcium
level; or (3) symptomatic hypocalcemia despite calcium
supplementation. Significant hypocalcemia can lead to
fatal complications, so urgent treatment and recognition
are crucial. According to the previous study22, the protocol
used in this study is shown in Figure 1. Permanent hypo-
parathyroidism was defined as the ongoing requirement for
supplementation of calcium and active vitamin D beyond
6 months.
Supplementation with calcium carbonate was given if
the calcium level was <8 mg/dL, whether or not symptoms
were present, or for symptomatic hypocalcemia with cal-
cium levels of <8.5 mg/dL. Active vitamin D was added if
clinically significant hypocalcemia developed. Intravenous
calcium gluconate was administered if symptoms persisted
despite oral therapy or when oral intake was not allowed.Please cite this article in press as: Suwannasarn M, et al., Single mea
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j.asjsur.2015.11.0052.3. Statistical analysis
Statistical analysis was performed using STATA version 13.0
(StataCorp, College Station, TX, USA). Mean  standard
deviation (SD), and median with interquartile range and
frequencies were used to describe characteristics. The
appropriate parametric or nonparametric test (t test,
ManneWhitney U test, chi-square test) was used when
comparing group means or frequencies. A p < 0.05 was
considered statistically significant. To determine the diag-
nostic accuracy of postoperative iPTH4hr levels and %iPTH
decline in predicting transient and permanent hypopara-
thyroidism, we analyzed the receiver operating character-
istic (ROC) curve and calculated the area under the curve
(AUC). The highest accuracy cutoff levels of iPTH4hr and %
iPTH decline were determined from the ROC curves. The
sensitivity, specificity, and overall accuracy of iPTH4hr and
%iPTH decline in predicting transient and permanent hy-
poparathyroidism were calculated.
3. Results
The study included 65 patients. The demographic charac-
teristics, operative type, and pathologic details are sum-
marized in Table 1.
3.1. Immediate postoperative period
After surgery, hypocalcemia was observed in 42 patients
(70%), and 25 patients (38.5%) developed significant hypo-
calcemia. There was no significant difference between the
patients with and without significant hypocalcemia ac-
cording to baseline demographic data, diagnosis of malig-
nancy, thyroid size, 25(OH)D status, previous treatment,
and neck dissection. However, we found that operative
time was significantly longer in patients with significant
hypocalcemia (p Z 0.02; Table 1).
Patients who developed significant hypocalcemia during
the immediate postoperative period had a significantly
lower iPTH4hr (p < 0.01; Table 2) and a significantly greater
%iPTH decline (p < 0.01; Table 2). ROC analyses were
performed, and the AUC of iPTH4hr and %iPTH decline are
shown in Figure 2A. The thresholds enabling prediction of
significant hypocalcemia obtained with ROC curves were
12.5 pg/mL for iPTH4hr and 72% for %iPTH decline. The
sensitivity, specificity, positive predictive value (PPV), and
negative predictive value (NPV) of the iPTH4hr were 92%,
87.5%, 82.1%, and 94.6% (overall accuracy: 89.2%),
respectively. The %iPTH decline was equal in accuracy, with
sensitivity, specificity, PPV. and NPV of 84%, 90%, 84%, and
90%, respectively. Overall accuracy was 87.69%. There were
no statistically significant differences between the accu-
racy of iPTH4hr and %iPTH decline in predicting transient
hypoparathyroidism with significant hypocalcemia
(p Z 0.52).
3.2. Follow-up period
At 6 months after surgery, calcium carbonate and/or active
vitamin D supplementation were discontinued in sixsurement of intact parathyroid hormone after thyroidectomy can
tudy, Asian Journal of Surgery (2016), http://dx.doi.org/10.1016/
Figure 1 Algorithm for management of post-thyroidectomy hypocalcemia in this study. Intravenous calcium gluconate will be
considered in hypocalcemic patients with prolonged QTc interval 0.44 seconds in men or 0.46 in women.
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hypocalcemia. A total of 19 patients (29.2%) remained on
calcium carbonate and/or active vitamin D at 6 months
after the operation, and were considered to have perma-
nent hypoparathyroidism.
3.3. Comparison between transient and permanent
hypoparathyroidism
Female gender and longer operative time were found in
patients with permanent hypoparathyroidism. There was no
significant difference between groups according to diag-
nosis of malignancy, thyroid size and 25(OH)D status (TableTable 1 Comparison of demographic characteristics and operat
and nonsignificant hypocalcemia during the immediate postopera
All patients
(n Z 65)
Signi
(n Z
Sex, female, n (%) 56 (86.2%) 19 (7
Mean age, years  SD 43  15 41.4
Thyroid diseases
- Malignancy, n (%) 42 (64.6%) 18 (7
- Graves’ disease, n (%) 5 (7.7%) 2 (8%
Euthyroid status, n (%) 60 (92.3%) 22 (8
Recurrent goiter, n (%) 4 (6.2%) 0
Median weight of thyroid, g (IQR) 48 (23.4e83.3) 46.8
Mean 25(OH)D levels, ng/mL  SD 25.7  6.2 27.1
Operative factors
- Total thyroidectomy, n (%) 61 (93.8%) 24 (9
- Central neck dissection, n (%) 9 (13.8%) 4 (16
- Median operative time, hours (IQR) 3 (2.0e3.7) 3 (2.
Bold values indicates statistical significance at p < 0.05.
25(OH)D Z 25 hydroxyvitamin D; IQR Z interquartile range; SD Z st
Please cite this article in press as: Suwannasarn M, et al., Single mea
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j.asjsur.2015.11.0053). The iPTH4hr (p <0.01) and %iPTH decline (p Z 0.02)
were significantly different between patients with and
without permanent hypoparathyroidism (Table 2). ROC
analyses of iPTH4hr and %iPTH decline were performed
(Figure 2B); the thresholds for prediction of permanent
hypoparathyroidism were 12.5 pg/mL for iPTH4hr and 72%
for %iPTH decline. The sensitivity, specificity, PPV, and NPV
for iPTH4hr were 100%, 80.4%, 67.9%, and 100% (overall
accuracy: 86.2%), respectively, and 94.7%, 84.8%, 72%, and
97.5% (overall accuracy: 87.7%) for %iPTH decline >72%,
respectively. For iPTH4hr and %iPTH decline, there was no
statistically significant difference in accuracy in predicting
permanent hypoparathyroidism (p Z 0.24).ive and pathologic findings between patients with significant
tive period.
ficant hypocalcemia
25)
Nonsignificant hypocalcemia
(n Z 40)
p
6%) 37 (92.5%) 0.08
 3.1 44.7  2.3 0.38
2%) 24 (60%) 0.32
) 3 (7.5%) 0.59
8%) 38 (95%) 0.29
4 (10%) 0.15
(20e98) 48 (17.3e88.0) 0.79
 6.6 24.9  5.8 0.17
6%) 37 (92.5%) 1.00
%) 5 (12.5%) 0.72
0e3.7) 2.5 (1.8e3.4) 0.02
andard deviation.
surement of intact parathyroid hormone after thyroidectomy can
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Table 2 Comparison of median (IQR) of iPTH4hr and %iPTH decline according to the presence of significant hypocalcemia
during the immediate postoperative period and permanent hypoparathyroidism.
Significant hypocalcemia
(n Z 25)
No significant hypocalcemia
(n Z 40)
p
iPTH4hr 6.4 (5.2e9.6) 30.9 (20.6e43.5) <0.01
%iPTH decline 82.5 (77.2e88.9) 29.1 (-4e48.6) <0.01
Permanent hypoparathyroidism
(n Z 19)
No permanent hypoparathyroidism
(n Z 46)
p
iPTH4hr 6.4 (5.3e9.6) 30.4 (19.2e42.0) <0.01
%iPTH decline 87 (79.5e89.6) 55.6 (31.1e95.2) 0.02
iPTH Z intact parathyroid hormone, pg/mL; iPTH4hr Z iPTH 4 hours after thyroidectomy; IQR Z interquartile range.
Figure 2 (A) ROC analysis of iPTH4hr and %iPTH decline in
predicting immediate postoperative significant hypocalcemia.
Areas under the curve of iPTH4hr and %iPTH decline were 0.93
(95% confidence interval, 0.88e0.99) and 0.921 (95% confi-
dence interval, 0.86e0.98), p Z 0.52. (B) ROC analysis of
iPTH4hr and %iPTH decline in predicting permanent hypo-
parathyroidism. Areas under the curve of iPTH4hr and %iPTH
decline were 0.90 (95% confidence interval, 0.83e0.98) and
0.93 (95% confidence interval, 0.87e0.99), p Z 0.24.
iPTH Z intact parathyroid hormone, pg/mL; iPTH4hr Z iPTH
4 hours after thyroidectomy; ROC Z receiver operating
characteristic.
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hypoparathyroidism than males (p Z 0.01), and the
iPTH4hr and %iPTH decline were significantly different be-
tween females and males. Females had significantly higher
iPTH4hr [24.6 (9.5e38.5) pg/mL vs. 6.4 (5.2e6.4) pg/mL;
p < 0.01] and significantly lower %iPTH decline [43.1%
(4.24e78) vs. 88.1% (81e91); p < 0.01]. Other parameters,
including baseline demographics, thyroid status, and
operative data, were not significantly different.
4. Discussion
The pathogenesis of postoperative hypocalcemia is multi-
factorial; proper surgical technique and several other fac-
tors (e.g., preoperative low calcium levels, failure to
identify parathyroid during surgery, postoperative
bleeding, and wound infection) have been associated with
postoperative hypocalcemia. However, although post-
operative hypocalcemia is the most common complication,
its consequences and the importance of prevention and
treatment remain widely undervalued. Our study confirmed
that impaired parathyroid function is the major contrib-
uting factor for postoperative hypocalcemia, especially
significant hypocalcemia. Several studies supported the use
of postoperative iPTH and %iPTH decline in predicting
postoperative hypocalcemia, but the results are still
inconclusive, and no definite laboratory cut point or
guideline have yet been established.1
Lombardi et al.4,18 found conflicting results for the ac-
curacy of iPTH levels at 4 hours postoperation in predicting
postoperative hypocalcemia,4,18 and several authors
recently investigated the utility of intraoperative or post-
operative iPTH levels in the early prediction of post-
operative hypocalcemia.4,13,18 A single measurement of
iPTH showed conflicts with a lack of sensitivity or specificity
in some studies,18 and the %iPTH decline between its pre-
operative and postoperative levels was studied to solve this
problem.10,12,13 The threshold of %iPTH decline is different
in each publication,11 since the accuracy of a single post-
operative iPTH measurement depends on the threshold
considered; however, iPTH decline seems to directly reflect
the individualized parathyroid function impairment in the
postoperative period.
Our result confirmed that a single measurement of
postoperative iPTH4hr and %iPTH decline can reliably pre-
dict patients at risk for significant postoperativePlease cite this article in press as: Suwannasarn M, et al., Single measurement of intact parathyroid hormone after thyroidectomy can
predict transient and permanent hypoparathyroidism: a prospective study, Asian Journal of Surgery (2016), http://dx.doi.org/10.1016/
j.asjsur.2015.11.005
Table 3 Comparison of demographic characteristics and operative and pathologic findings between patients with permanent
and transient hypoparathyroidism.
Permanent hypoparathyroidism
(n Z 19)
No permanent
hypoparathyroidism
(n Z 46)
p
Sex, female, n (%) 13 (68.4%) 43 (93.5%) 0.01
Mean age, years  SD 45.2  16.4 42.7  14.3 0.55
Thyroid diseases
- Malignancy, n (%) 14 (73.7%) 28 (60.9%) 0.33
- Graves’ disease, n (%) 0 5 (10.9%) 0.13
Euthyroid status, n (%) 17 (89.5%) 43 (93.5%) 0.53
Recurrent goiter, n (%) 0 4 (8.7%) 0.19
Median weight of thyroid, g (IQR) 56.8 (29.0e83.5) 42 (17.3e83.0) 0.18
Mean 25(OH)D levels, ng/mL  SD 27.6  7.1 25  5.7 0.13
Operative factors
- Total thyroidectomy, n (%) 18 (94.7%) 43 (93.5%) 0.85
- Central neck dissection, n (%) 3 (15.8%) 6 (13%) 0.77
- Median operative time, hours (IQR) 3.5 (2.5e4.67) 2.5 (2.0e3.33) 0.03
Bold values indicates statistical significance at p < 0.05.
25(OH)D Z 25 hydroxyvitamin D; IQR Z interquartile range; SD Z standard deviation.
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no statistically significant difference. A previous series of
137 patients showed good results in measuring %iPTH
decline, where a decline >68.5% was more precise for early
diagnosis of hypocalcemia after TTD than the iPTH4hr
level.13 That study differed from ours in terms of study
population, definition of hypocalcemia, and methods. We
did not find this difference in our study, and the combina-
tion of both tests also did not increase the accuracy. Thus,
calculation of the %iPTH decline might not be necessary.
Only using a single measurement of iPTH4hr is more
convenient and cost-effective in early diagnosis of imme-
diate significant postoperative hypocalcemia; however, we
might overlook some cases of preexisting parathyroid ab-
normalities (hyperparathyroidism or hypoparathyroidism).
Preoperative iPTH measurement in selected patients, such
as those undergoing resurgery or having preoperative low
calcium levels, should be considered. We did not include
the data associated with parathyroid autotransplantation,
because surgeons do not perform parathyroid auto-
transplantation as a routine procedure in our institution.
The definition of permanent hypoparathyroidism varies
widely. A literature review confirmed that there is no
consistent use of, rationale for, or seeming need to declare
definitions of “transient” and “permanent” hypoparathy-
roidism.23 The definition of permanent hypoparathyroidism
varies in terms of calcium level, need for supplementation
(calcium and/or active vitamin D), and duration of hypo-
parathyroidism. Some studies defined permanent hypo-
parathyroidism as hypocalcemia with ongoing requirement
for supplements,20 i.e., calcium and vitamin D,24 or calcium
and/or vitamin D.19 The duration of ongoing requirement
for supplements also varied from >6 months to
12 months.21 In the present study, 19 (29%) of the 65 pa-
tients had permanent hypoparathyroidism at 6 months after
surgery, following our definition requiring ongoing supple-
mentation of calcium and active vitamin D beyondPlease cite this article in press as: Suwannasarn M, et al., Single mea
predict transient and permanent hypoparathyroidism: a prospective s
j.asjsur.2015.11.0056 months. A iPTH4hr <12.5 pg/mL and %iPTH decline >72%
could define permanent hypoparathyroidism with equal
accuracy. The very high incidence of permanent hypo-
parathyroidism can be influenced from large variations in
surgeon performance. Our medical center mainly teaches
residents and fellows. Despite being under the supervision
of staff, the patients who had surgery with residents suf-
fered higher complications than those operated on by high-
performing surgeons.
Notably, gender was found to be a significant differenti-
ating factor between permanent and transient hypopara-
thyroidism. Females had a significantly lower incidence of
permanent hypoparathyroidism than males. Since iPTH4hr
and %iPTH decline were significantly different by gender, we
concluded that this gender preference resulted from the
iPTH factor. In contrast, increased rates of postoperative
hypocalcemia and permanent hypoparathyroidism in women
were recently reported in unilateral thyroid surgery.25
Vitamin D deficiency appears to be a good predictor of
postoperative hypocalcemia, since it is vital to calcium ho-
meostasis. A previous study found that preoperative 25(OH)D
level was an important factor in postoperative hypocalce-
mia,15 however, we did not find any correlation between
25(OH)D status and postoperative hypocalcemia in our study.
There was no significant difference in vitamin D status be-
tween hypocalcemia and normocalcemia groups in both im-
mediate significant and permanent hypocalcemic settings.
In summary, measurements of iPTH4hr and %iPTH
decline are reliable for predicting immediate postoperative
significant hypocalcemia and permanent hypoparathyroid-
ism. Supplementation with calcium carbonate and active
vitamin D can be initiated early in patients with iPTH4hr
<12.5 pg/mL to prevent significant hypocalcemia, which
could be symptomatic and fatal. The authors suggest that
an iPTH measurement protocol be implemented for post-
thyroidectomy care to facilitate early discharge and sup-
plementation in this high-risk group of patients.surement of intact parathyroid hormone after thyroidectomy can
tudy, Asian Journal of Surgery (2016), http://dx.doi.org/10.1016/
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